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Abstract: BACKGROUND: Diseases of glycosylation are rare inherited disorders, which are often re-
ferred to as congenital disorders of glycosylation (CDG). Several types of CDG have been described in
the last decades, encompassing defects of nucleotide-sugar biosynthesis, nucleotide-sugar transporters,
glycosyltransferases and vesicular transport. Although clinically heterogeneous, most types of CDG are
associated with neurological impairments ranging from severe psychomotor retardation to moderate intel-
lectual disabilities. CDG are mainly caused by defects of N-glycosylation, owing to the simple detection
of under-glycosylated serum transferrin by isoelectric focusing. SCOPE OF REVIEW: In the last years,
several disorders of O-glycosylation, glycolipid and glycosaminoglycan biosynthesis have been described,
which are known by trivial names not directly associated with the family of CDG. The present review
outlines 64 gene defects affecting glycan biosynthesis and modifications, thereby underlining the com-
plexity of glycosylation pathways and pointing to unexpected phenotypes and functional redundancies
in the control of glycoconjugate biosynthesis. MAJOR CONCLUSIONS: The increasing application of
whole-genome sequencing techniques unravels new defects of glycosylation, which are associated to mod-
erate forms of mental disabilities. GENERAL SIGNIFICANCE: The knowledge gathered through the
investigation of CDG increases the understanding of the functions associated to protein glycosylation in
humans. This article is part of a Special Issue entitled Glycoproteomics.
DOI: 10.1016/j.bbagen.2012.02.001
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GALK  604313  Gal kinase  Galactosemia 
GALT  606999  Gal‐1‐P uridylyltransferase  Galactosemia 
GALE  606953  UDP‐Gal 4‐epimerase  Galactosemia 
Dolichol biosynthesis 
DHDDS  608172  Cis‐prenol synthase  Retinitis pigmentosa 
SRD5A3   611715  Polyprenol reductase  SRD5A3‐CDG (CDG‐Iq) 
TMEM15   610746  Dol kinase  TMEM15‐CDG (CDG‐Im) 
Lipid‐linked oligosaccharide  biosynthesis 
DPAGT1  191350  GlcNAc‐1‐P transferase DPAGT1‐CDG (CDG‐Ij) 
ALG1  605907  1‐4 Man‐transferase ALG1‐CDG (CDG‐Ik) 
ALG2  607905  1‐3/6 Man‐transferase ALG2‐CDG (CDG‐Ii) 
ALG11  613666  1‐2 Man‐transferase  ALG11‐CDG (CDG‐Ip) 
RFT1  611908  LLO translocation RFT1‐CDG (CDG‐In) 
MPDU1  604041  Dol‐P‐Man/Glc availability (?)  MPDU1‐CDG (CDG‐If) 
DPM1  603503  Dol‐P‐Man synthase  DPM1‐CDG (CDG‐Ie) 
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DPM3  605951  Dol‐P‐Man synthase DPM3‐CDG (CDG‐Io) 
ALG3  608750  1‐3 Man‐transferase  ALG3‐CDG (CDG‐Id) 
ALG9  606941  1‐2 Man‐transferase ALG9‐CDG (CDG‐IL) 
ALG12  607144  1‐6 Man‐transferase ALG12‐CDG (CDG‐Ig) 
ALG6  604566  1‐3 Glc‐transferase  ALG6‐CDG (CDG‐Ic) 






IAP/MAGT1  300715  Oligosaccharyltransferase  X‐linked mental retardation 
GCS1  601336  1‐2 glucosidase  GCS1‐CDG (CDG‐IIb) 
MAN1B1  604346  ER 1‐2 mannosidase‐I  Autosomal recessive mental 
retardation 
MGAT2  602616  1‐2 GlcNAc‐transferase  MGAT2‐CDG (CDG‐IIa) 
B4GALT1  137060  1‐4 Gal‐transferase  B4GALT1‐CDG (CDG‐IId) 
ST3GAL3  606494  2‐3 Sia‐transferase Autosomal recessive mental 
retardation 
O‐GalNAc glycosylation 
GALNT3   601756  polypeptide GalNAc‐transferase  Familial tumoral calcinosis 






POMT1   607423  Protein O‐Man‐transferase  Walker‐Warburg syndrome 
POMT2   607439  Protein O‐Man‐transferase  Walker‐Warburg syndrome 
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FKTN   607440  unknown  Fukuyama congenital 
muscular dystrophy 
FKRP   606596  unknown  MDC1C, limb‐girdle muscular 
dystrophy 
O‐Fuc glycosylation 
LFNG   602576  1‐3 GlcNAc‐transferase  Spondylocostal dysostosis 
B3GALTL   610308  1‐3 Glc‐transferase  Peters‐Plus syndrome 
Glycosaminoglycan glycosylation 
XGPT1   604327  Xyl1‐4 Gal‐transferase  Ehlers‐Danlos syndrome 
(progeroid type) 




EXT1   608177  Heparan sulfate polymerase  Multiple exostoses 
EXT2  608210  Heparan sulfate polymerase  Multiple exostoses 
CHSY1  608183  Chondroitin synthase 1  Temtamy preaxial 
brachydactyly syndrome 
CHST3  603799  Chondroitin 6‐sulfotransferase  Spondyloepiphyseal dysplasia 
with joint dislocations 
CHST14  608429  Dermatan‐4‐sulfotransferase‐1  Ehlers‐Danlos syndrome 
(musculocontractural type) 
CHST6  605294  Keratan GlcNAc‐6‐O‐sulfotransferase  Macular corneal dystrophy 
Glycolipid glycosylation 
ST3GAL5  604402  2‐3 Sia‐transferase (GM3 synthase)  Amish infantile epilepsy 
syndrome 




PIGM  610273  GPI Man‐transferase  GPI deficiency 
PIGV  610274  GPI Man‐transferase  Mabry syndrome 




SLC35C1   605881  GDP‐Fuc transport  SLC35C1‐CDG (CDG‐IIc) 
SLC35A1   605634  CMP‐Sia transport   SLC35A1‐CDG (CDG‐IIf) 

















SEC23B  610512  COPII subunit (ER to Golgi transport)  Dyserythropoietic congenital 
anemia type II 
ATPV0A2  611716  H+/ATPase, pH regulation in Golgi  Autosomal recessive cutis 
laxa 
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